Background Biobehavioral correlates of self-rated health in pregnancy are largely unknown. Purpose The goals of this study were to examine, in pregnant women, associations of self-rated health with (1) demographics, objective health status, health behaviors, and psychological factors, and (2) serum inflammatory markers. Methods In the second trimester of pregnancy, 101 women provided a blood sample, completed measures of psychosocial stress, health status, and health behaviors, and received a comprehensive periodontal examination. Results The following independently predicted poorer selfrated health: (1) greater psychological stress, (2) greater objective health diagnoses, (3) higher body mass index, and (4) past smoking (versus never smoking). Poorer selfrated health was associated with higher serum interleukin-1β (p=0.02) and marginally higher macrophage migration inhibitory factor (p=0.06). These relationships were not fully accounted for by behavioral/psychological factors. Conclusions This study provides novel data regarding factors influencing subjective ratings of health and the association of self-rated health with serum inflammatory markers in pregnant women.
Introduction
A large literature links self-rated health to mortality in the general population as well as among adults with chronic health conditions [1] [2] [3] . This association is surprisingly robust, remaining after accounting for physician-rated health, objective health diagnoses, disease severity, age, and health behaviors (for review see [4, 5] ). A notable aspect of this literature is that this predictive value is seen with single-item measures of selfrated health (for review see [4, 5] ). Several plausible mechanistic pathways which may explain this association have been forwarded. A key potential pathway is inflammation. Elevated serum inflammatory markers predict increased morbidity and mortality in the elderly [6] [7] [8] [9] [10] . Moreover, inflammation may contribute to poor subjective ratings of health via "sickness behavior"; proinflammatory cytokines promote lethargy, decreased appetite, and behavioral withdrawal [11] . Thus, inflammation may be a common pathway which affects subjective health as well as risk of adverse health outcomes.
In non-pregnant adults, several studies have examined associations between self-rated health and inflammation [12] [13] [14] [15] [16] [17] [18] [19] . For example, a study of 1,727 communitydwelling elderly adults found a graded association between a single-item measure of self-rated health and IL-6 [12] . Among 265 adults ages 19-90 years, poorer self-rated health was associated with higher levels of inflammatory markers (IL-1β, IL-1ra, and TNF-α) among women, but not men [13] . Further, self-rated health was more strongly associated with inflammation than was physician-rated patient health. Inflammatory markers have also been associated with selfrated health among women with coronary heart disease after controlling for various health confounds [15] . Thus, available data indicate that self-rated health is associated with elevated serum proinflammatory proteins and that this relationship is more robust than and remains after controlling for objective indicators of health.
Inflammatory processes are of interest in the context of pregnancy. Excessive inflammation is incompatible with healthy pregnancy; elevations in proinflammatory cytokines in maternal serum and amniotic fluid are causally implicated in risk of preterm delivery in the context of infection as well as idiopathic cases [20] [21] [22] [23] [24] . Proinflammatory cytokines can promote preterm labor by encouraging cervical ripening, weakening chorioamniotic membranes, and triggering preterm contractions [25, 26] . It is not known if relationships between self-rated health and serum inflammatory markers evidenced in the general population generalize to pregnancy. Pregnancy occurs in relatively young women and elicits significant immune changes; these factors may minimize or mask the association of self-rated health with serum inflammatory markers.
In addition to assessing general health conditions and health behaviors, the current investigation also included a focus on oral health. Poor oral health is common; approximately 47 % of adults in the U.S. have periodontitis [27] . Rates are higher among those from lower socioeconomic backgrounds in part due to inadequate access to oral health providers as well as limited knowledge of the importance of oral health [28] . Pregnancy is increasingly recognized as an ideal time for education and intervention because pregnant women have regular contact with health care providers and may be motivated to improve their health for the benefit of the fetus/child [29, 30] . In addition, clinical signs of periodontal disease have been associated with elevations in serum proinflammatory markers, a focus of the current study [31] . For these reasons, it was of interest to examine the extent to which oral health, in terms of both subjective symptoms and clinician-rated severity of disease, was related to global self-rated health in this population. Also of interest was the association of psychological stress with both selfrated health and inflammatory profiles. To provide a cohort with high representation of oral health conditions and significant psychological stress, women from lower socioeconomic backgrounds were targeted for recruitment. In addition, to allow for examination of potential racial differences in the association of self-rated health and variables of interest, African American and White women were relatively equally represented.
The first aim of this study was to examine, in pregnant women, the association of self-rated health with demographic factors, objective health status, health behaviors, and psychological factors. The second aim was to examine the association of self-rated health with serum inflammatory markers. It was hypothesized that poorer self-rated health would be associated with poorer physical health, health behaviors, and psychological functioning. It was also predicted that poorer self-rated health would be associated with elevated serum proinflammatory cytokines, and that this relationship would not be fully accounted for by objective health indicators and psychological functioning.
Methods

Study Design
One hundred and one women were recruited from the Ohio State University Wexner Medical Center (OSUWMC) Prenatal Clinic and the general community of Columbus, Ohio. Study visits were conducted during the second trimester of pregnancy. At the study visit, women provided a blood sample and completed measures of psychosocial stress, health status, and health behaviors. To define oral health status, each participant received a comprehensive periodontal examination conducted by a board certified periodontist. Birth outcomes were determined by medical record review following delivery. The study was approved by the OSU Biomedical Institutional Review Board.
Participants
In this study, effects of stress, periodontal disease, and race were of interest. In order to recruit a final cohort with high representation of psychological stress (e.g., depressive symptoms) as well as oral health conditions, we targeted women from lower socioeconomic backgrounds (annual household income <$15,000), among whom these issues are more prevalent. To allow for analyses based on race, we aimed for relatively even representation of African American and White women in the final sample. Women were recruited in-person at the Ohio State University Wexner Medical Center (OSUWMC) Prenatal Clinic and via online advertisements and postings in the community.
Women were excluded if they had chronic health conditions or medications with implications for immune function (e.g., rheumatoid arthritis, multiple sclerosis, or human immunodeficiency virus), fetal anomaly, antidepressant use, illicit drug use other than marijuana, or more than two alcohol drinks per week during pregnancy (per self-report at time of phone screening or per medical record). Any woman who reported acute illness (e.g., cold or flu-like symptoms) or use of antibiotics within 10 days of a study visit was rescheduled.
Demographics
Age, race/ethnicity, marital status, education, annual family income, gravidity, and parity were collected by self-report. Pre-pregnancy body mass index (BMI; kg/m 2 ) was calculated using self-reported pre-pregnancy weight and height measured at the study visit.
Self-Rated Health
Global self-rated health was assessed using a single-item measure from the RAND Health Survey [32] . This item asked, "In general, would you say your health is: Excellent, Very Good, Good, Fair, or Poor". This question is comparable to single-item measures of self-rated health used in prior studies demonstrating predictive validity for cardiovascular events and all-cause mortality (for review see [4, 5] ).
General Medical Conditions and Medication Use
The current or past occurrence of the following health diagnoses was assessed per self-report: high blood pressure (hypertension), arthritis, asthma, cancer, heart disease, diabetes, and sexually transmitted diseases [genital herpes, gonorrhea, syphilis, chlamydia, trichomoniasis, and human papilloma virus (HPV)]. The use of over-the-counter and prescription medications was also collected per self-report.
Oral Health Status
All women received a comprehensive periodontal examination by a single calibrated periodontist including assessment of probing depths and gingival recession by using UNC-15 probe. Examiner reliability was assessed in a pilot study; intra-examiner differences for probing depth and gingival recession were within 1 mm. Clinical attachment loss (formulated from probing depth and gingival recession), percentage of bleeding on probing, and plaque at six surfaces per tooth for all dentition were used to determine the extent and severity of periodontal disease. Women were asked how often they brushed their teeth, the date of their most recent dental visit, and whether they experienced painful and/or bleeding gums upon brushing their teeth.
Health Behaviors
Smoking status was defined as current, past, or never based on self-report. Exercise was operationalized as the frequency of engaging in vigorous physical activity long enough to build up a sweat with a range of "less than once per month" to "more than once per week". Prenatal vitamin use was defined as never, some days (1-3 days per week), most days (4-6 days per week) and every day (7 days per week). Women completed the Prenatal Health Behaviors Scale (PHBS) [33, 34] . In the current analyses, subscales for healthy eating (three items), unhealthy eating (three items), and physical strain (three items) were utilized. For each subscale, higher scores indicate more of the given behavior.
Psychological Functioning
The Center for Epidemiological Studies Depression Scale (CES-D) is a 20-item measure of cognitive, emotional, and somatic symptoms of depression [35] . The CES-D is predictive of preterm birth and immune parameters in pregnant women [36] [37] [38] [39] [40] . The 10-item Perceived Stress Scale (PSS) is a well-validated measure which assesses a construct independent of depressive symptomatology [41] . Scores have been associated with maternal neuroendocrine function [42, 43] . The six-item short form of the State-Trait Anxiety Inventory (STAI) was used to assess state anxiety [44, 45] . The STAI shows strong criterion, discriminant, and predictive validity in perinatal populations [46] . The Revised Prenatal Distress Questionnaire (NUPDQ) is a 17-item measure of pregnancy-specific distress including physical discomforts, financial resources to care for children, and pain during delivery [47] . The Pittsburgh Sleep Quality Index (PSQI) has good diagnostic sensitivity and specificity in distinguishing good and poor sleepers [48] . A score >5 is indicative of clinically disturbed sleep.
Measurement of Peripheral Blood Proinflammatory Markers
Serum interleukin (IL)-6, tumor necrosis factor (TNF)-α, and IL-1β were assayed using multiplex kits from MesoScale Discovery (MSD). Macrophage migration inhibitory factor (MIF) and C-reactive protein (CRP) were assayed using Quantikine High Sensitivity Immunoassay kits (R&D) per kit instructions, as described elsewhere [49, 50] . Samples that fell out of range of the standard curve were retested, diluted 1:10 with diluent buffer included with the kit. Plates were read at a wavelength of 490 nm with a correction wavelength of 690 nm using a Multiscan MCC/340 plate reader (Labsystems). Sample concentrations were then extrapolated from a standard curve calculated using a four-parameter logistic fit and then multiplied by the dilution factor if necessary. Blood samples were drawn between 8:00 AM and 4:00 PM. Collection times were distributed throughout the day with 28.7 % collected between 8:00 and 10:00 AM, 32.7 % from 10:01 AM to 12:00 PM, 19.8 % from 12:01 to 2:00 PM, and 18.8 % from 2:01 to 4:00 PM.
Statistical Analyses
Demographic and health behavior data were summarized as mean (SD) for continuous variables and frequency (%) for categorical variables. Self-rated health responses were assigned the numeric values 1=fair/poor, 2=good, 3=very good, and 4=excellent; i.e., higher scores represent better self-rated health. The poor category only had one response and was therefore combined with the fair category.
It was hypothesized that (1) self-rated health would be associated with poorer physical health, health behaviors, and psychological functioning; and (2) that poorer self-rated health would be associated with elevated serum proinflammatory cytokines. These hypotheses were tested using self-rated health as a continuous variable.
Pearson correlations were calculated and tested for correlations between continuous variables and self-rated health. Categorical variables were dichotomized, with the exception of periodontal disease status and smoking status, and t tests were used to assess association with self-rated health.
To take into consideration variation in the time of day, blood draws were performed, and correlations between proinflammatory cytokines and time of blood draw were calculated. Also, as sensitivity analyses for the correlations of self-rated health with proinflammatory cytokines, multiple linear regression models were fit which controlled for the time of day of the blood draw.
Secondary follow-up comparisons between self-rated health categories excellent versus not excellent, fair/poor versus not fair/poor, and excellent versus fair/poor were made using chi-squared or Fisher's exact tests. These secondary analyses were performed to explore differences between the highest and lowest health ratings and to explore non-linear relationships with self-rated health. As secondary analyses, these results are not conclusive and function to further describe the observed relationships with self-rated health.
For periodontal disease status and smoking status, ANOVA was used to compare self-rated health between categories. Variables from Aim 1 identified as being significantly associated with self-rated health were included in a multivariable linear model with self-rated health as the outcome. For Aim 2, in addition to univariate correlations, multivariate linear models were fit to the self-rated health outcome in separate models for each inflammatory marker, adjusting for all variables with a p value of 0.10 or lower in the multivariable model for Aim 1. The correlation matrix for key continuous study measures was calculated. In all analyses, Q-Q probability plots, histograms, and residuals were used to evaluate normality assumptions. For analysis of inflammatory marker outcomes, data were log-transformed (base 10) and data points more than three standard deviations above the next highest value were excluded.
Results
Aim 1: To Examine the Association of Self-Rated Health with Demographic Factors, Objective Health Status, Health Behaviors, and Psychological Factors
Self-Rated Health
Overall, 10.9 % (n=11) of women rated their health as excellent, 28.7 % (n=29) as very good, 44.6 % (n=45) as good, 14.9 % (n=15) as fair, and 1 % (n=1) as poor. As noted above, for analyses, fair and poor categories were merged. It was hypothesized that poorer self-rated health would be associated with poorer physical health, health behaviors, and psychological functioning.
Demographic Characteristics
Demographics are provided in Table 1 . Reflecting targeted recruitment of women from disadvantaged economic backgrounds, 63.4 % reported an annual household income <$15,000 and 52.5 % had high school education or less. The average pre-pregnancy BMI was 27.32 (SD=7.45; range 15.5-54.73). Overall, 4 % were underweight, 42.6 % were normal weight, 22.8 % were overweight, and 30.7 % were obese.
Neither maternal age (r=0.03, p=0.73) nor week of pregnancy at the time of assessment (r=0. 13 Higher body mass index (BMI) was associated with lower self-rated health (r=−0.22, p=0.03).
Self-Reported Physical Health Diagnoses
Current self-reported diagnoses are presented in Table 2 . Overall, 68.3 % (n = 69) reported no current diagnosis, 24.8 % (n=25) reported one diagnosis, and 6.9 % (n=7) reported two diagnoses. Compared to women with no health diagnosis, women with one or more diagnosis reported significantly poorer self-rated health [ 
Recreational Drug Use
In terms of recreational drugs, 23 % reported use of alcohol during their pregnancy occurring only before knowledge of the pregnancy and 3 % reported use after knowledge of the pregnancy. At some time during the current pregnancy, 16 % reported use of marijuana, 3 % reported use of heroin, 1 % reported use of barbiturates, and none reported use of amphetamines or cocaine.
Alcohol use at any time during pregnancy was not associated with self-rated health [t(99)=0.51, p=0.61]. However, as described, the majority of such occurrences were prior to knowledge of pregnancy. Reported marijuana use during pregnancy was not associated with self-rated health as a continuous measure; however, secondary analyses showed that marijuana use was more common among those endorsing fair/poor self-rated health (6/16; 37.5 %) than those endorsing excellent health (10/85; 11.8 %) [χ 2 (1)=6.7, p=0.01].
General Health Behaviors
General health behaviors are summarized in Table 3 . Selfrated health was significantly higher among women who had never been smokers than in women who were past smokers [mean 2.57 vs. 2.11; t(98)=2.32, p=0.02]. Self-rated health for current smokers (mean 2.29) did not differ significantly from never or past smokers.
Self-rated health did not differ by prenatal vitamin use [never/some days vs. most days/every day, t(99) = 0. 65 
Psychological Factors
Summary statistics are provided in Table 4 . Self-rated health was negatively correlated with depressive symptoms (r=−0.27, p=0.01), perceived stress (r=−0.27, p=0.01), and pregnancy-specific distress (r=−0.22, p=0.03) but not state anxiety (r=−0.16, p=0.12).
The pregnancy-specific distress questionnaire included items assessing stress specific to physical symptoms of pregnancy, specifically "being tired or having low energy during your pregnancy" and "physical symptoms of pregnancy such as vomiting, swollen feet, or backaches". Neither of these pregnancy-specific physical health symptoms were individually associated with self-rated health (ps>0.70).
As expected, African Americans reported greater frequency of racial discrimination during their lifetimes compared to Whites [t(96)=4.14, p<0.001]. Self-rated health was not significantly correlated with reported occurrence of racial discrimination among African Americans (r = −0.21, p=0.13) or among Whites (r=0.09, p=0.58). Disturbed sleep was common in this sample, with 55 % receiving a score ≥5 on the PSQI (Table 4 ). There was no significant correlation of self-rated health with sleep quality score (r=−0.15, p=0.14). However, secondary tests demonstrated that sleep quality was significantly worse among women rating their health as fair/poor compared to those rating their health as excellent [8.13 (SD =3.7) vs. 5.36 (SD=3.0), p=0.05].
Summary of Simple Associations
In sum, health factors significantly associated with poorer self-rated health as a continuous measure were greater health diagnoses, higher body mass index, smoking status (past vs. never), presence of painful/bleeding gums, and less healthy eating behaviors. Greater depressive symptoms, perceived stress, and pregnancy-specific distress were strong correlates of poorer self-rated health. In addition, both marijuana use and poor sleep were more common among those in the lowest versus highest self-rated health category. Self-rated health as a continuous measure did not differ by race. However, in secondary categorical analyses, African Americans were more likely to endorse excellent health as compared to Whites (p=0.02). This difference was not accounted for by income, objective health indicators, or psychological factors.
Unique Predictors
As expected, predictors in our model were significantly correlated with each other (Table 5 ). Next we examined the unique predictive value of factors significantly associated with the continuous self-rated health outcome in our initial tests of Aim 1. As measures of stress were highly correlated, a composite stress measure was created by averaging the zscores for depressive symptoms (CES-D), perceived stress, and pregnancy-specific distress. A multivariable linear model which included the presence of health diagnoses, BMI, smoking status (current/past/never), composite stress, painful/bleeding gums, and healthy eating was fit to the self-rated health outcome (Table 6 ). In this multivariate model, healthy eating (p = 0.31) and bleeding gums (p=0.13) were no longer statistically significant correlates of self-rated health. The other variables remained significantly associated with poorer self-rated health: greater composite stress (p < 0.001), the presence of health diagnoses (p=0.001), higher BMI (p=0.01), and smoking status (past a Women rating their health as "excellent" reported greater healthy eating behavior than the other three groups combined (p=0.01)
vs. never) (p=0.003). Together, these factors accounted for 30.7 % of the variance in self-rated health.
Aim 2: To Examine the Association of Self-Rated Health with Serum Inflammatory Markers
Next, we examined the association between self-rated health and serum inflammatory markers. It was predicted that poorer self-rated health would be associated with elevated serum proinflammatory cytokines, and that this relationship would not be fully accounted for by objective health indicators and psychological functioning. Three high outliers were excluded from analyses; one each for TNF-α, MIF, and IL-6. Initial analyses examined the simple relationship between self-rated health and inflammatory markers. Subsequent analyses examined this relationship after controlling for factors which emerged as predictors of self-rated health in Aim 1. There was a significant negative correlation between IL-1β and self-rated health (r=−0.23, p=0.02; Fig. 1 ) and a marginal negative correlation between macrophage migration inhibitory factor (MIF) and self-rated health (r=−0.19, p=0.06; Fig. 2 ). There were no significant correlations between self-rated health and serum IL-6, TNF-α, or CRP (ps>0.20). Time of day blood was drawn was not correlated with any of the proinflammatory cytokines (ps > 0.19; p=0.63 for IL-1β and p=0.26 for MIF). Adjusting for time of day did not change the correlations of IL-1β and MIF with self-rated health.
Each of these correlation analyses were repeated in linear models controlling for variables with p values of 0.1 or lower in the multivariable model for Aim 1: BMI, smoking status (never/past/current), presence of an objective health diagnosis, and composite stress. Adjusting for these factors reduced the relationship of self-rated health with IL-1β marginally (change in standardized beta from −0.178 to −0.194, adjusted p value=0.09) and reduced the relationship with MIF considerably (from−0.194 to −0.112, adjusted p value= 0.21). Without control variables included, IL-1β and MIF accounted for 3.6 % and 3.8 % of the variation in self-rated health, respectively. With control variables, this was reduced to 1.9 % for IL-1β and 2.2 % for MIF.
Discussion
The first aim of this study was to examine demographic, behavioral, and psychosocial correlates of self-rated health among pregnant women. It was hypothesized that poorer self-rated health would be associated with poorer physical health, health behaviors, and psychological functioning. Multivariate modeling demonstrated that the following were independent predictors of poorer self-rated health as a continuous measure: (1) greater composite stress (i.e., depressive symptoms, perceived stress, and pregnancy-specific distress), (2) the presence of objective health diagnoses, (3) higher body mass index, and (4) a history of smoking.
It is well established that depressive symptoms are associated with poorer self-rated health (e.g., [51, 52] ). Pregnant women who have lower incomes and/or lack social support are at higher risk for depressive symptoms [53] . In this study, 41.6 % of women scored ≥16 on the Center for Epidemiological Studies Depression Scale (CES-D). Rates differed significantly with self-rated health; 68.8 % of women who endorsed fair/poor health scored at or above this clinical cut-off compared to 18.2 % of those who endorsed excellent health. Thus, in high-risk groups, inquiring as to global self-rated health at regular prenatal visits may provide an efficient means to identify women who may benefit from depression screening.
Relatedly, greater symptoms of sleep disturbance, as measured by the PSQI, were strongly correlated with depressive a Sleep quality was significantly worse among women endorsing "fair/poor" versus "excellent" (p=.05) symptoms. Although a linear association between sleep and self-rated health was not evidenced, secondary analyses showed that women reporting fair/poor health had significantly poorer sleep quality than those endorsing excellent health. This is consistent with prior data showing that sleep disturbance influences subjective ratings of health [54] [55] [56] [57] . Similar to effects seen in non-pregnant adults [58] , sleep disturbance in pregnancy has been associated with higher circulating proinflammatory cytokine levels [59, 60] . Therefore, this aspect of self-rated health in pregnancy warrants further attention. Smoking is a leading cause of low birth weight in the USA [61] and increases risk for prematurity, birth complications, and sudden infant death syndrome (SIDS) [62] . Psychosocial factors implicated in smoking continuation include community social norms and undervaluing the degree of risk conferred by smoking [63] [64] [65] . Thus, it is notable that in the current sample, the association between self-rated health and smoking status was driven by lower self-rated health among past smokers, among whom 86.2 % (25/29) reported quitting during their current pregnancy. In contrast, current smokers did not differ from women who were never smokers in self-rated health. Consistent with the health belief model [66] , these data suggest that perceptions of personal susceptibility to negative health effects of smoking contribute to motivation for smoking cessation.
As seen in low-income adults in general [67] , poor periodontal health was highly prevalent in this sample. All women met criteria for at least gingivitis and 39.6 % met criteria for moderate or severe periodontal disease. Self-rated health was not associated with periodontal disease severity; however, only one woman (with slight disease) reported that she had been previously diagnosed. Thus, this lack of association may be attributable to unawareness. Although it may result in tooth movement when chewing and eventual tooth loss, periodontal disease often does not cause pain. The most common symptom is bleeding gums. Overall, 58.4 % of women reported painful and/or bleeding gums upon brushing and this symptom was associated with poorer self-rated health, although this association was no longer statistically significant in multivariate analyses.
Periodontal disease has been associated with marked increases in preterm birth risk in numerous studies; however, it is not clear if this association is causal (for review see [17, 68] ). Although initial intervention studies reported reduced rates of preterm birth in women treated for periodontal disease during pregnancy, subsequent large randomized clinical trials (e.g., [69] [70] [71] [72] ) demonstrated no effect (for review see [73] [74] [75] ). If a causal association does exist, it is possible that treatment during pregnancy is too late to benefit birth outcomes in the current pregnancy [76] . However, as poor periodontal health is associated with increased risk of chronic health conditions including cardiovascular diseases and diabetes [77, 78] , recognition and treatment of oral health conditions during pregnancy may provide long-term health benefits for women. Moreover, mothers' oral health status is a strong predictor of the oral health status of their children due to vertical transmission of caries (via oral pathogens) as well as maternal oversight of tooth brushing, diet, and healthcare utilization [79] . Reflecting poor maternal health habits in this sample, only 53.5 % reported brushing their teeth at least twice per day, as recommended by the American Dental Association, and only 40.8 % had a dental visit in the past year, as compared to 71.2 % of adults in Ohio overall [80] . Pregnancy is a time of increased contact with healthcare providers, providing an opportunity for education, referral, and intervention. In this sample, race was not associated with self-rated health when examined as a continuous measure. However, secondary analyses showed that African American women were significantly more likely to endorse excellent health as compared to Whites. This effect was not accounted for by any factors assessed, such as socioeconomic status, depressive symptoms, health behaviors, or presence of objective health conditions.
In older adults in the USA, self-rated health is consistently lower among African Americans versus Whites after accounting for socioeconomic factors [81] . However, this racial difference is most consistent among those at higher socioeconomic status [82] and may be less evident in younger groups. For example, a previous study of ethnically diverse pregnant women found no racial differences in selfrated health after accounting for socioeconomic status [83] .
A possible explanation for the better self-rated health among African Americans versus Whites in the current study is a reference effect. Compared to Whites, African Americans experience a greater burden of serious health conditions including diabetes, hypertension, and preterm birth [84] . Global self-rated health is likely influenced by comparisons to others in one's social network [85] . Thus, if young African American women are consistently exposed to greater illness in their immediate social circles, they may rate their own health more positively in contrast. Regardless of the factors underlying this racial difference, the relationship between self-rated health and serum inflammatory markers examined in Aim 2 was not significantly changed by the inclusion of race as a covariate, indicating that racial differences did not drive this effect.
The second aim of this study was to examine whether selfrated health is associated with serum inflammatory markers in pregnant women. In non-pregnant adults, poorer self-rated health has been associated with elevations in serum inflammatory markers including IL-6, IL-1β, IL1-ra, and TNF-α [12] [13] [14] [15] [17] [18] [19] . These associations were not fully accounted for by behavioral and psychological factors, suggesting that more direct physiological pathways may contribute. In particular, sickness responses (e.g., fatigue, behavioral withdrawal, other depressive-like symptoms) induced by inflammatory activity may be perceived by an individual in the absence of a diagnosable disease and/or well before a specific disease is detectable by objective measures. These mild and vague symptoms may influence ratings of self-rated health. In this manner, self-rated health may provide information about physical health status above and beyond physician assessments of diagnosable conditions. Thus, based on prior studies, we hypothesized that poorer self-rated health would be associated with elevated serum proinflammatory cytokines, and that this relationship would not be fully accounted for by objective health indicators and psychological functioning.
In the current study, poorer self-rated health was significantly associated with higher serum IL-1β and marginally higher macrophage migration inhibitory factor (MIF) in simple correlations. With the addition of covariates (predictors of self-rated health identified in Aim 1), the variation in selfrated health accounted for by MIF and IL-1B was reduced by 42 % and 47 %, respectively. In contrast, IL-6, TNF-α, and CRP, markers that have been associated with self-rated health in older adults, showed no significant association in the current sample. Overall, these data support a modest relationship between self-rated health and serum inflammatory markers in pregnancy, which was largely but not fully explained by behavioral/psychological correlates measured. The relationship between self-rated health and inflammation may be weaker and less consistent in pregnant women due to complex and dynamic changes in immune and neuroendocrine parameters in pregnancy. Moreover, prior studies show that the relationship between self-rated health and serum inflammatory markers is stronger with increasing age (e.g., [14, 19] ); this relationship may be more evident in older adults due to age-related increases in inflammatory markers.
In prior studies of self-rated health and serum inflammatory markers, MIF has not been a focus. Notably, MIF has the unique ability to counteract the anti-inflammatory properties of glucocorticoids in a dose-response fashion [86, 87] . Due to its broad effects and essential role in both innate and adaptive immune function, antagonism of MIF is a potential therapeutic target for many diseases with an inflammatory component (e.g., rheumatoid arthritis, vascular disease) [88] [89] [90] [91] . In pregnancy, elevated serum MIF has been associated with preeclampsia, preterm delivery, gestational diabetes, and clinical depression [92] [93] [94] . Our group has reported that, among pregnant women, depressive symptoms predict more robust serum MIF responses following the immune challenge of seasonal trivalent influenza virus vaccination [37] . Thus, we examined MIF in the current study due to its unique proinflammatory properties, prior associations with psychosocial factors, and emerging links with perinatal outcomes.
An important limitation of this study is that it did not permit analyses related to birth outcomes. Among the 101 women in this study, only nine delivered preterm (<37 weeks of gestation). This rate of preterm birth is lower than among the overall population in the USA (∼18 % among African Americans vs. 11 % in Whites). The lower rates of preterm birth in the study cohort likely reflect exclusion of women with major health conditions and drug/alcohol abuse. An aim of future studies should be adequate statistical power to examine self-rated health and inflammation in relation to birth outcomes.
To provide high representation of women with significant psychological stress, oral health conditions, and to permit analyses based on race, the current study targeted White and African American women from lower socioeconomic backgrounds. Generalizability to other groups is unknown. This study included assessment at only one timepoint in pregnancy. However, prior data show that, despite significant changes in depressive symptoms and subjective physical functioning, global self-rated health shows small changes from prior to conception through each trimester of pregnancy [95] .
In this study, in which assessments were conducted in the second trimester, there was no association between self-rated health and physical symptoms of pregnancy as measured by the prenatal distress questionnaire. However, the second trimester of pregnancy is commonly regarded as a relatively symptom-free period. In the first trimester, considerable and rapid hormonal changes contribute to a high prevalence of vomiting/nausea and fatigue. During the third trimester, physical growth of the fetus can contribute to backaches, difficulty sleeping, frequent urination, and shortness of breath. Therefore, physical symptoms of pregnancy may have a greater influence on self-rated health during the first and third trimesters. Moreover, some conditions of pregnancy appear in later gestation; e.g., testing for gestational diabetes occurs at 24-28 weeks and had not yet been conducted for most women at the time of their study visit. Thus, longitudinal data inclusive of more comprehensive assessment of physical symptoms of pregnancy would be informative in future studies of inflammatory markers and self-rated health in pregnancy.
Relatedly, this study did not include a non-pregnant comparison group. Factors which influence self-rated health may differ during pregnancy versus non-pregnancy due to pregnancy-specific symptoms, as described above, and because the health of the fetus may influence a mother's perception of her overall health. Supporting the latter, examination of specific items on the prenatal distress questionnaire showed that of the 17 items, only two were significantly correlated with self-rated health. These were concerns "about whether you might have an unhealthy baby" (r =−0.32, p=0.001) and "about the effect of ongoing health problems such as high blood pressure or diabetes on your pregnancy" (r=−0.23, p=0.02). In addition, concern "about whether the baby might be affected by alcohol, cigarettes, or drugs that you have taken" was marginally associated with self-rated health (r=−0.19, p=0.06). It is therefore of note that the association of pregnancy specific distress with self-rated health appears to be driven by health-related anxieties. However, this should be interpreted with caution since these correlations were conducted in a post hoc manner and not adjusted for multiple comparisons. Inclusion of a nonpregnant comparison group in the future would allow for examination of the extent to which specific health factors, particularly those that may affect fetal development, influence women's self-rated health during pregnancy as compared to non-pregnancy.
Moreover, it is possible that pregnancy-related changes in circulating cytokines influence self-rated health. Available data suggest that compared to non-pregnancy, normal pregnancy is characterized by mild elevations in both pro-and anti-inflammatory cytokine levels, with exaggerated increases seen in pregnancies affected by conditions such as preeclampsia [96] [97] [98] [99] [100] [101] [102] . Comparison of non-pregnant women to women in each trimester of pregnancy would be informative for testing if the association between self-rated health and serum inflammatory markers differs meaningfully based on pregnancy status/stage.
In conclusion, this study provides novel information regarding predictors of self-rated health and the association of self-rated health with inflammatory biomarkers in pregnant women. From a clinical standpoint, these data contribute to understanding of factors that are valued and possibly undervalued in women's subjective evaluations of their own health during pregnancy. In addition, these data provide evidence that, as seen in non-pregnant adults, self-rated health may be associated with inflammatory status in pregnant women and that this effect may not be fully accounted for by objective health factors. Continued research is needed to determine the consistency, strength, and clinical relevance of this association in the context of pregnancy.
